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(57) ABSTRACT

According to one embodiment, the underlying film includes a
memory region including a first trench and a peripheral region
including a second trench. The stacked body includes con-
ductive layers and insulating layers alternately stacked on the
underlying film. The channel body is provided in a pair of first
holes and the first trench. The first holes pierce the stacked
body to be connected to the first trench. The memory film
includes a charge storage film provided between a side wall of
the first hole and the channel body, and between an inner wall
of the first trench and the channel body. The conductor is
provided in a pair of second holes and the second trench. The
second holes pierce the stacked body to be connected to the
second trench.

16 Claims, 16 Drawing Sheets

““““

/|
4,

,..
N
5
v

SOy

VA

XN

AN

....

Y

LS LLLELLESLLITE LTI LTLILIEE LS T7 27777
/
4

7

R A T

R
N

NIA T IDAIATTT
ALY
3

A

LS

\\\\\\\\

N

2




US 9,136,392 B2

Sheet 1 of 16

Sep. 15, 2015

U.S. Patent

X :
e z T "OI4
T~ — —
25 G 2S5 S 0€ om £ m_>_ 2. 2. LG SW 2L HW
1 1 A )
\ 3 X %\ a9
L= _ e 7
=M
I v
A% 2
I T~V
A S IM
IM—2 o v
o — b SN
M cv
A A M
TN —2 0€
194 74 , \" "
0s{ N AN -aos
I
Ny
N / N
ﬂ N NN \ /
pS 2. 0F ¥S 2. AL9 2. Al9 Of m__ 7 m@m elg| v/
ass mm@ v/ SOS Bl
¥



U.S. Patent Sep. 15, 2015 Sheet 2 of 16 US 9,136,392 B2




U.S. Patent

Sep. 15, 2015

Sheet 3 of 16

US 9,136,392 B2

MH (53)
FIG. 3 30 30
3132 33 | 3332 31
™ \/\
w2 /} W omin
2 SRS
Z
o | R
42 / N N 42
4
WL E AW
42 / 42
N / :\
wL — A
ANV B VAN
20?20
CcL
FIG. 4 [3
81 81 72 81 72 81 81 81 61b 81
\\. \\/ .‘ A ,’).I
[enmel\lem :‘n//m T B ]
|t o A W )
72\/‘ | I 2 [. \lk‘-l L L’-I I 4 N -
AR ) I o 1 B o o o o TN B
T2~ O] bl & |61e
61b-l1 ] L N 1 81
52_[J\ . .J{ AL L !/{* - 29
— ,77.,1 \\ \ 1\_&_{; ( o 0

61b

\\

Y




U.S. Patent Sep. 15, 2015 Sheet 4 of 16 US 9,136,392 B2

7
1
% 4}9
- BG
/77777l 7 7 ?8
TN N
— ~ N — _
2 3
FIG. BA
51 52

% 2}91
X e

NN
7 40

T NN N

- \zf N \3/ _/
FIG. 5B
46 46

\ ‘ \
SN
/777 VY 7z 40

_h ~— 10
T B T
= ~ I ~ _/

2 3

FIG. 5C



U.S. Patent

WL NN
71774

Sep. 15, 2015

Sheet 5 of 16

LU

LrLreiied

/}////////
SNONNN

NS
T 27,
SO NN

2 O 2 2 2
NN NN

LI T ]
DYAYANAN

Y

NN
P 2 2 g2,

GA LSS TG 7S 71T

AL L L L LLLLLL

46— RGLKL N k\

' 4
A AN
WL ST S SIS, ///I/////////I/I///I//////A sl //I/;I// L L
R S WL

47

AY]

% NN L\\‘\\ WA NN
R 7T P (e AR L,
SN NN SN AISN NN ’

47

4

s B NSO
2 AR 22 r///////////////////////.jr////////////////////a
NN SO N AN NS NNNN

INOO NS YA N NN A /N
A TR P e e .
NSNS NN NN N /

YN

SONNNSNNNN
7 2 C 2 O L
NN N NN NN

NSNS SNSNNY
| AHAA AL A AL S SIS,

AN

TSI LIEL s 4 erririrnr et
NOS NS S NN /i

N e,

N

AN
A A SIS A //’//////I////I//////{.

a s

N S SSS] ASSSSSSSWSS
A7, /’// T 7 T 2 7 2 T i A A e i L 7 7 7
I A ol SSSES - WL

2 /,’//I/ Lz

by < ’ L diiadas

‘ka

L\‘“ ‘\“ L) N /N NN NN
77777 /;// LT V2, ,//// 77

\‘,\““\‘
T L WHL ///////////
SONNMYE NN

RO N NN AN NN NEANN
R A e TRz

CEeLLLLLLLCLLLLLL e — 41

Ny

46 72 46 72

N v

2 3
FIG. 6B

US 9,136,392 B2



U.S. Patent Sep. 15, 2015 Sheet 6 of 16 US 9,136,392 B2

IR s

~—43
WL — — WL
A7 15 47
57— WL
47
LLLL LN 2SS TLL 4 \/41
! NV 000N~ BG
SN
46 72 46 72
— ~— N —~ ./
2 3



U.S. Patent Sep. 15, 2015 Sheet 7 of 16

53 53 54

US 9,136,392 B2

A_ 93

NZNNNNZZNN

N VI

A
AN
V//A;VIIA
N YD
Wy 7.
W/
'////'///1

A/ QN

N
N
X

NN AN
Rz
h AN

7////4‘7////:

NN

LN YA N
VW
AN

‘N

g2

;’/« 7///4;>//I/‘,
D
WL & ; G
47 —£3 N/ NSAST
7////< A
4 4 4L ( 4 D
Z 7%
NN \\ NN
I | l
46 72 46 72
“ NG v
~" ~
2 3



U.S. Patent Sep. 15, 2015 Sheet 8 of 16 US 9,136,392 B2

53 53 54 54
N9 ) D
/“‘_/
WA 7
N N\ SG
%\II || YT | ] Z— 43
= AN =— WL
N == Bii =348
WL = s e
48 13 N < =Y
[N == )| =3
WL =3 =3 gQJ,WL
~—=q 3
48— %% = 48
‘I\l K>I Z 3 §v41
) | 1_BG
AT ey
51 72 MH 52 72
- ~ AN —~ _/
2 3

FIG. 9



U.S. Patent Sep. 15, 2015 Sheet 9 of 16 US 9,136,392 B2

N

ANNLJNNNRRNSLNNE
AANNNTOOUVNNOOUOMVOUOURONOCOOUUNROOVNONNRGNNS

NN

NANNNA

ALV
CYNANNNAYNANN

AANNTOURVOLULOCOUOUROOTLRURR LY

(A
O\

NN
\

W\

\
\




U.S. Patent Sep. 15, 2015 Sheet 10 of 16 US 9,136,392 B2

30 30
20/ 20

— 44

— SG
— 43

WL
— 42

WL
42— /

41
— BG




US 9,136,392 B2

Sheet 11 of 16

Sep. 15, 2015

U.S. Patent

61b

61b

-1
+ Om;m=«n O
¥ O« =< < m
& \ 7 %
g
wl:
Y
N7
©
de
N/ W WA
o | / \ \,n”\, r,\ “\,n,“,,;
/I////7/777/////7777///////7/ SOUUURROGN
RU .‘m!.E!.g!.‘E!.i!.‘gsninﬂliﬁs.galiﬁa‘

61a

NANANAN

Il//l(////////7/777/77777//////////[//77770/“

NANANINA

AI”MMW”I;R“““ I?MN”M/hA&M”/’//’///////
NN NI R NN AN WA

///l//7777/777/7777777/////////////777///// /
s v YAV L I L L L S S S MV AT ST\
A/77 /7777///////////7/////777777777/C

NP

a o

) )
29

FIG. 12



US 9,136,392 B2

Sheet 12 of 16

Sep. 15, 2015

U.S. Patent

2 TP \\\\\\\\\\\\\\\\\\\\\\

!!l!

!!!!!

“»

!!!!!

’
4
4
!
!
I

~ W
\ g

Z \,\v

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

J /A‘\nm,,mw.,,,‘,um"mx,,mﬁm"“,
NANARNARNN

AN /////lr///////////////////////////////

1\/\ D v/ 0 0 L L B S S D L 9 L L L A L L A S M A S 4

(o]

[CERARA Y SN ///////////////////////

N\ //I//////////////////////////////////////

/////Q NN NNNNNNNNNA
N NN NI NN TR \

N

\
h
<\

///////

A

FIG. 13



U.S. Patent Sep. 15, 2015 Sheet 13 of 16 US 9,136,392 B2

MS 5
74/ 61b | 61b

61a | 61a 62 |30 | 62 |30

20—

30—

WL

— S
42 =




U.S. Patent Sep. 15, 2015 Sheet 14 of 16 US 9,136,392 B2

61a 94 61a
8 61b 61b
§ §/ 54 /30 54 ?O
20—7
30—~y
WL-—% =
42—
\ |
72
- —~ /
2




U.S. Patent Sep. 15, 2015 Sheet 15 of 16 US 9,136,392 B2

MS 5
vl
61a | 61a 62 30 |62 30
\ 2 a4
20 Y29
30 N NE¥Ye
\ |43
2 WL
42
WL &2
42 S
\ 3— BG
! a |
72 72
- ~ N — /
2 3



U.S. Patent Sep. 15, 2015 Sheet 16 of 16 US 9,136,392 B2

100
oW )
wl N i J
) : ]
FIG. 17A

o —

61b 61b

FIG. 17B



US 9,136,392 B2

1
SEMICONDUCTOR MEMORY DEVICE AND
METHOD FOR MANUFACTURING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2012-187625,
filed on Aug. 28, 2012; the entire contents of which are
incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a semi-
conductor memory device and a method for manufacturing
the same.

BACKGROUND

A structure is known in which, in a chip including a
memory cell transistor of a stack gate structure in which a
floating gate and a control gate are stacked, a resistance ele-
ment of a peripheral circuit is formed using polysilicon of the
floating gate.

In addition, a memory device of a three-dimensional struc-
ture is proposed in which a memory hole is formed in a
stacked body in which an electrode film functioning as the
control gate of a memory cell and an inter-electrode insulat-
ing film are alternately stacked in plural, and a silicon body
serving as a channel is provided on the side wall of the
memory hole via a charge storage film. In such a memory
device of a three-dimensional structure, it is required also for
the resistance element to have a different structure from a
memory device of a two-dimensional structure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic cross-sectional view of a semicon-
ductor memory device of a first embodiment;

FIG. 2 is a schematic perspective view of a memory array
cell in the semiconductor memory device of the embodiment:

FIG. 3 is a schematic cross-sectional view of a part of the
memory cell array in FIG. 2;

FIG. 4 is a schematic plan view of a resistance element in
the semiconductor memory device of the embodiment:

FIG. 5A to FIG. 13 are schematic cross-sectional views
showing a method for manufacturing the semiconductor
memory device of the first embodiment;

FIG. 14 is a schmatic cross-sectional view of a semicon-
ductor memory device of a second embodiment;

FIG. 15 is a schematic cross-sectional view showing a
method for manufacturing the semiconductor memory device
of the second embodiment;

FIG. 16 is aschematic cross-sectional view of'a variation of
the semiconductor memory device of the second embodi-
ment; and

FIG. 17A is a schematic plan view showing a planar shape
of a resistance element of a comparative example, and

FIG. 17B is a schematic plan view showing a planar shape
of the resistance element of the embodiment.

DETAILED DESCRIPTION

According to one embodiment, a semiconductor memory
device includes an underlying film, a stacked body, a channel
body, a memory film and a conductor. The underlying film
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includes a memory region and a peripheral region. The
memory region includes a first trench, and the peripheral
region includes a second trench. The stacked body includes a
plurality of conductive layers and a plurality of insulating
layers alternately stacked on the underlying film. The channel
body is provided in a pair of first holes and in the first trench.
The pair of first holes pierces the stacked body on the memory
region to be connected to the first trench. The memory film
includes a charge storage film provided between a side wall of
the first hole and the channel body, and between an inner wall
of the first trench and the channel body. The conductor is
provided in a pair of second holes and in the second trench.
The pair of second holes pierces the stacked body on the
peripheral region to be connected to the second trench and has
a hole diameter larger than a hole diameter of the first hole.

Various embodiments will be described hereinafter with
reference to the accompanying drawings. In the drawings,
identical components are marked with the same reference
numerals.

First Embodiment

FIG. 1 is a schematic cross-sectional view of a semicon-
ductor memory device of a first embodiment.

The semiconductor memory device of the embodiment
includes a stacked body in which a conductive layer WL and
an insulating layer 42 are alternately stacked in plural. The
stacked body is provided on a back gate BG as an underlying
film. The back gate BG is a conductive film, and is, for
example, a silicon film doped with an impurity.

Although the illustration is omitted in FIG. 1, the back gate
BG s provided on a substrate 10 shown in FIGS. 5A to 5C via
an insulating layer 40.

In a planar view, the back gate BG is roughly divided into
a memory region 2 and a peripheral region 3 around the
memory region 2.

A memory cell array 4 is provided in the memory region 2.

FIG. 2 is a schematic perspective view of the memory cell
array 4. In FIG. 2, the illustration of the insulating portions is
omitted for easier viewing of the drawing.

In FIG. 2, an XY Z orthogonal coordinate system is intro-
duced. Two directions parallel to the major surface of the
substrate 10 and orthogonal to each other are defined as the X
direction (a first direction) and the Y direction (a second
direction), and the direction orthogonal to both of the X
direction and the Y direction is defined as the Z direction (the
stacking direction of the stacked body or a third direction).
The cross section of the memory cell array 4 shown in FIG. 1
shows a cross section parallel to the XZ plane in FIG. 2.

The memory cell array 4 includes a plurality of memory
strings MS. One memory string MS is formed in a U-shaped
configuration including a pair of columnar portions CL
extending in the Z direction and a joining portion JP joining
the lower ends of the pair of columnar portions CL.

FIG. 3 shows an enlarged cross-sectional view of the
columnar portion CL of the memory string MS.

An insulating layer 41 is provided on the back gate BG as
shown in FIG. 1. The conductive layer WL and the insulating
layer 42 are alternately stacked in plural on the insulating
layer 41. The number of conductive layers WL shown in FIG.
1 is an example, and the number of conductive layers WL is
arbitrary.

The conductive layer WL is a polysilicon film doped with,
for example, boron as an impurity (a first silicon film), and has
an electrical conductivity sufficient to function as the gate
electrode of a memory cell.
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The insulating layers 41 and 42 are, for example, a film
mainly containing silicon oxide. Alternatively, a film mainly
containing silicon nitride may be used as the insulating layers
41 and 42.

A drain-side select gate SGD is provided in the upper end
portion of one of the pair of columnar portions CL. of the
U-shaped memory string MS, and a source-side select gate
SGS is provided in the upper end portion of the other of the
pair of columnar portions CL. The drain-side select gate SGD
and the source-side select gate SGS are provided on the
uppermost conductive layer WL via an insulating layer 43.

The drain-side select gate SGD and the source-side select
gate SGS are a polysilicon film doped with, for example,
boron as an impurity, and have an electrical conductivity
sufficient to function as the gate electrode of a select transis-
tor. The thickness of the drain-side select gate SGD and the
thickness of the source-side select gate SGS are thicker than
the thickness of each of the conductive layers WL.

The drain-side select gate SGD and the source-side select
gate SGS are divided in the X direction by an insulating film
74 shown in FIG. 1. The conductive layer WL stacked under
the drain-side select gate SGD and the conductive layer WL
stacked under the source-side select gate SGS are divided in
the X direction by an insulating film 72. Also the stacked body
between memory strings MS adjacent in the X direction is
divided in the X direction by the insulating film 72.

A source line SL shown in FIG. 2 is provided on the
source-side select gate SGS via an insulating layer 44 shown
in FIG. 1. The source line SL is, for example, a metal film. Bit
lines BL that are a plurality of metal interconnections are
provided on the drain-side select gate SGD and the source line
SL via the insulating layer 44. Each bit line BL. extends in the
X direction.

The memory string MS includes a channel body 20 pro-
vided in a U-shaped memory hole MH (shown in FIG. 9)
formed in the stacked body including the back gate BG, the
plurality of conductive layers WL, the insulating layers 41 to
44, the drain-side select gate SGD, and the source-side select
gate SGS.

The channel body 20 is provided in the U-shaped memory
hole MH via a memory film 30. As shown in FIG. 3, the
memory film 30 is provided between the side wall of the
memory hole MH (a first hole 53) and the channel body 20.

The channel body 20 is, for example, a non-doped silicon
film. Here, “non-doped” means that an impurity for providing
electrical conductivity is not intentionally added to the silicon
film and impurities are not substantially contained other than
the elements resulting from the source gas in the film-forma-
tion.

Although FIG. 3 illustrates a structure in which the channel
body 20 is provided such that a hollow portion remains on the
central axis side of the memory hole MH (the first hole 53),
the entire space in the memory hole MH (the first hole 53)
may be filled up with the channel body 20, or a structure in
which an insulator is buried in the hollow portion on the inside
of the channel body 20 is possible.

The memory film 30 includes a block film 31, a charge
storage film 32, and a tunnel film 33. The block film 31, the
charge storage film 32, and the tunnel film 33 are provided in
this order from the conductive layer WL side between each
conductive layer WL and the channel body 20. The block film
31 is in contact with each conductive layer WL, the tunnel
film 33 is in contact with the channel body 20, and the charge
storage film 32 is provided between the block film 31 and the
tunnel film 33.

The channel body 20 functions as a channel in a memory
cell, the conductive layer WL functions as the control gate of
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the memory cell, and the charge storage film 32 functions as
a data memory layer that stores a charge injected from the
channel body 20. That is, a memory cell with a structure in
which the control gate surrounds the periphery of the channel
is formed at the intersection between the channel body 20 and
each conductive layer WL.

The semiconductor memory device of the embodiment is a
nonvolatile semiconductor memory device that can perform
the erasing and writing of data electrically in a free manner
and can retain the memory content even when the power is
turned off.

The memory cell is, for example, a charge trap memory
cell. The charge storage film 32 includes a large number of
trap sites that trap a charge, and is a silicon nitride film, for
example.

The tunnel film 33 is, for example, a silicon oxide film, and
forms a potential barrier when a charge is injected from the
channel body 20 into the charge storage film 32 or when the
charge stored in the charge storage film 32 is diffused to the
channel body 20.

The block film 31 is, for example, a silicon oxide film, and
prevents the charge stored in the charge storage film 32 from
diffusing to the conductive layer WL.

The drain-side select gate SGD, the channel body 20, and
the memory film 30 between them constitute a drain-side
select transistor STD (shown in FIG. 2). Above the drain-side
select gate SGD, the channel body 20 is connected to the bit
line BL via a conductor 6la. The conductor 6la is, for
example, a silicon film doped with phosphorus (P).

The source-side select gate SGS, the channel body 20, and
the memory film 30 between them constitute a source-side
select transistor STS (shown in FIG. 2). Above the source-
side select gate SGS, the channel body 20 is connected to the
source line SL via the conductor 61a.

The back gate BG, and the channel body 20 and the
memory film 30 provided in the back gate BG constitute a
back gate transistor BGT (shown in FIG. 2).

The memory cell using each conductive layer WL as the
control gate is provided in plural between the drain-side select
transistor STD and the back gate transistor BGT. Similarly,
the memory cell using each conductive layer WL as the con-
trol gate is provided in plural also between the back gate
transistor BGT and the source-side select transistor STS.

The plurality of memory cells, the drain-side select tran-
sistor STD, the back gate transistor BGT, and the source-side
select transistor STS are connected in series via the channel
body 20, and constitute one U-shaped memory string MS.
The memory string MS is arranged in plural in the X direction
and the Y direction; thus, a plurality of memory cells are
provided three-dimensionally in the X direction, the Y direc-
tion, and the Z direction.

Next, the peripheral region 3 is described.

The stacked body described above on the back gate BG is
provided not only in the memory region 2 but also in the
peripheral region 3 as shown in FIG. 1. That is, the insulating
layer 42 and the conductive layer WL are alternately stacked
in plural also on the back gate BG in the peripheral region 3.

As described later, when the channel body 20 is formed in
the memory region 2, the channel body 20 is formed also in a
U-shaped hole in the peripheral region 3. After that, in the
peripheral region 3, etchback is performed to remove the
channel body 20. Alternatively, the channel body 20 may be
left in the U-shaped hole in the peripheral region 3.

In the peripheral region 3, a select gate SG is provided on
the uppermost conductive layer WL via the insulating layer
43. The select gate SG is formed simultaneously with the
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drain-side select gate SGD and the source-side select gate
SGS in the memory cell array 4 using the same material.

A resistance element 5 is provided in the peripheral region
3. The resistance element 5 is formed in a U-shaped configu-
ration similarly to the memory string MS.

FIG. 41is a schematic plan view of a region of the peripheral
region 3 where the resistance element 5 is provided.

As shown in FIG. 1, the resistance element 5 includes a
conductor 615 functioning as a resistor. The conductor 615 is
buried in the U-shaped hole via an insulating film 30, and is
formed in a U-shaped configuration. The conductor 615 is, for
example, a silicon film doped with phosphorus (P), and has a
lower resistance than the channel body 20, which is a non-
doped silicon film, in the memory string MS. Therefore, the
controllability of the resistance value is good.

One U-shaped hole in which the conductor 615 is buried
includes a pair of second holes 54 (shown in FIG. 9) extend-
ing in the stacking direction of the stacked body and a second
trench 52 (shown in FIG. 9) formed in the back gate BG and
connected to the lower ends of the pair of second holes 54.
The U-shaped hole used for the resistance element 5 is formed
simultaneously with the U-shaped memory hole MH used for
the memory string MS in the same process.

However, the hole diameter of the second hole 54 used for
the resistance element 5 is larger than the hole diameter of the
first hole 53 used for the memory string MS. The volume of
the second trench 52 used for the resistance element 5 formed
in the back gate BG in the peripheral region 3 is larger than the
volume of a first trench 51 used for the memory string MS
formed in the back gate BG in the memory region 2.

Thereby, as described later, the conductor (resistor) 615,
not the channel body 20, can be buried in the U-shaped hole
used for the resistance element 5, while the memory string
MS and the resistance element 5 are formed simultaneously.

Narrowing the pitch (the pitch in the X direction and the
pitch in the Y direction) between memory strings MS pro-
vided in the memory region 2 leads to an increase in the
memory capacity per unit area. On the other hand, since the
resistance element 5 does not function as a memory element,
the pitch (the pitch in the X direction and the pitch in the Y
direction) between resistance elements 5 can be made wider
than the pitch between memory strings MS.

During the formation of the memory film 30 in the memory
hole MH, the memory film 30 is formed also on the inner wall
of'the U-shaped hole in the peripheral region 3. Therefore, the
same configuration as the memory film 30 or an insulating
film including part of the memory film 30 is provided between
the side wall of the second hole 54 and the conductor 615 and
between the inner wall of the second trench 52 and the con-
ductor 615.

Also the stacked body on the peripheral region 3 is divided
by the insulating film 72 similarly to the stacked body on the
memory region 2. Thus, the plurality of conductive layers WL
between a pair of columnar portions extending in the stacking
direction of the U-shaped conductor 615 are divided in the X
direction by the insulating film 72. Also the plurality of con-
ductive layers WL between adjacent resistance elements 5 are
divided in the X direction by the insulating film 72.

As shown in FIG. 4, also in the stacked body around the
region where a plurality of resistance elements 5 are provided,
the insulating film 72 is provided so as to surround the region.
By the insulating film 72, the region where the resistance
elements 5 are provided is separated on the substrate 10 from
other regions such as the memory region 2.

The upper end of the conductor 615 of each resistance
element 5 is connected to a resistance interconnection 81
shown in FIG. 4 via a not-shown contact. The plurality of
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resistance elements 5 are connected in series by the resistance
interconnection 81, for example. The resistance interconnec-
tion 81 is provided on the stacked body shown in FIG. 1, and
a current flows through a path connecting the resistance inter-
connection 81 and the U-shaped conductor 615 extending in
the stacking direction of the stacked body. The resistance of
the resistance interconnection 81 is sufficiently lower than the
resistance of the conductor 615, and the resistance of the
entire resistance interconnection 81 is almost negligible with
respect to the resistance of the resistance element 5.

Thus, by the embodiment, resistance path length can be
gained in the stacking direction of the stacked body, not in a
planar way on the substrate surface, and it becomes easy to
obtain a desired resistance value while suppressing the
increase in the area of the resistance element.

Here, as a comparative example, in a memory device of a
stack gate structure in which a floating gate and a control gate
are stacked, a resistance element of a peripheral circuit can be
formed using polysilicon of the floating gate. The resistance
element of this structure has a relatively high resistivity, and
can reduce the area of the resistance element easily.

On the other hand, a peripheral circuit transistor in a three-
dimensionally stacked memory device is a common CMOS
structure. That is, polysilicon that is the gate electrode of the
transistor is a single-layer structure, and the upper surface of
the gate electrode may have been made into a silicide by
cobalt or nickel. Thus, using the gate electrode as a resistance
element tends to reduce the resistivity. Accordingly, the area
of the resistance element necessary to obtain a certain resis-
tance value tends to be increased, the proportion of the area of
the resistance element in the chip area may be increased, and
chip size reduction may be inhibited.

To solve this, it may be possible to advance miniaturization
in which the width of the resistance element interconnection
is reduced, but a fine pattern has the problem that the variation
of the resistance value is large due to the problem of the
dimensional controllability of the fine pattern. For example, if
the resistor is miniaturized easily in order to gain a certain
resistance value per unit area, the cross-sectional area of the
pattern, which is inversely proportional to the resistivity, is
difficult to control and it is difficult to obtain a stable resis-
tance value.

In contrast, in the embodiment, also the resistance element
5 is made a three-dimensional structure similar to the memory
string MS; thereby, resistance path length can be gained in the
stacking direction of the stacked body, and the controllability
for a desired resistance value can be enhanced while the
spread of the two-dimensional footprint of the resistance
element 5 in the chip is suppressed.

The resistance element 5 of a three-dimensional U-shaped
type (plug type) is less susceptible to the dimensional varia-
tion in the two-dimensional plane than a resistance element
(resistance interconnection) of a two-dimensional planar
structure.

FIG.17A is a plan view of a resistance element 100 of the
comparative example provided in a linear configuration on a
two-dimensional plane, and FIG. 17B is a plan view of the
resistance element 5 of the embodiment.

When the width of the resistance element 100 is denoted by
W and the length is denoted by h, the area of the resistance
element 100 is W-h.

When the diameter of the conductor 615 in the resistance
element 5 is denoted by W, the area (cross-sectional area) of
the conductor 61a is m(W/2)>.

The material of the resistance element 100 and the material
of'the conductor 615 have the same resistivity.
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When the amount of variation in W of the resistance ele-
ment 100 and the conductor 615 is denoted by dW, the dif-
ference between the amount of variation in the area of the
conductor 615, m(dW/2)?, and the amount of variation in the
area of the resistance element 100, 3W-h, is expressed by
Formula (1) below.

WV 5w k= Tow? _how = Zsw(ow =
A v o naw = Zovfow -

4h]
5 =

T

From Formula (1) above, in the region where the variation
amount OW is smaller than 4h/r, the resistance element 5 of
the embodiment has a smaller dimensional variation in the
two-dimensional plane than the resistance element 100 of the
comparative example.

For example, when d W/=approximately 10 nm, the varia-
tion amount dW is always smaller than 4h/z in a range of
h>7.9 nm. Since the interconnection length h of a two-dimen-
sional resistance is generally several hundred nanometers or
more, the resistance element 5 of the embodiment is less
susceptible to the dimensional variation in the two-dimen-
sional plane than the resistance element 100 of the compara-
tive example.

Next, a method for manufacturing a semiconductor
memory device of the first embodiment is described with
reference to FIG. 5A to FIG. 13. FIG. 5A to FIG. 13 show a
cross section along the X direction similarly to FIG. 1.

As shown in FIG. 5A, the back gate BG is formed on the
substrate 10 via the insulating layer (e.g. silicon oxide) 40.
The back gate BG is, for example, a polysilicon film doped
with boron (B). In FIG. 6 A and the subsequent drawings, the
illustration of the substrate 10 and the insulating layer 40 is
omitted.

As shown in FIG. 5B, the first trench 51 and the second
trench 52 are simultaneously formed in the back gate BG by
etching using a resist 91 as a mask. The first trench 51 is
formed in the back gate BG in the memory region 2, and the
second trench 52 is formed in the back gate BG in the periph-
eral region 3.

Due to the difference in width between the openings
formed in the resist 91, the depth of the second trench 52 is
deeper than the depth of the first trench 51, and the width in
the X direction of the second trench 52 is larger than the width
in the X direction of the first trench 51. Therefore, the volume
of the second trench 52 is larger than the volume of the first
trench 51.

As shown in FIG. 5C, a sacrifice film 46 is buried in the first
trench 51 and in the second trench 52. The sacrifice film 46 is
a non-doped silicon film.

Theupper surface of the protruding portion of the back gate
BG where the trenches 51 and 52 are not formed and the upper
surface of the sacrifice film 46 are made flat surfaces flush
with each other. As shown in FIG. 6A, the insulating layer 41
is formed on the flat surface.

The conductive layer WL and a non-doped silicon film 47
are alternately stacked in plural on the insulating layer 41. The
back gate BG and the stacked body on the back gate BG are
formed by, for example, the CVD (chemical vapor deposi-
tion) method.

The conductive layer WL is a polysilicon film doped with,
for example, boron (B) as an impurity (the first silicon film).
The non-doped silicon film 47 as a second silicon film is a
silicon film to which an impurity for providing electrical
conductivity is not intentionally added, and does not substan-
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tially contain impurities other than the elements resulting
from the source gas in the film-formation.

The non-doped silicon film 47 is finally replaced with the
insulating layer 42 shown in FIG. 1 in a process described
later. The non-doped silicon film 47 has a film thickness
sufficient to ensure the breakdown voltage between conduc-
tive layers WL.

After the stacked body shown in FIG. 6A is formed, pho-
tolithography and etching are performed to form a plurality of
trenches that divide the stacked body and reach the insulating
layer 41, and then the insulating film 72 is buried in the trench
as shown in FIG. 6B. The insulating film 72 is, for example,
a silicon oxide film or a silicon nitride film.

Next, as shown in FIG. 7, the insulating layer 43 is formed
ontheuppermost conductive layer WL, the select gate SG that
forms the drain-side select gate SGD or the source-side select
gate SGS is formed on the insulating layer 43, and the insu-
lating layer 44 is formed on the select gate SG.

Next, as shown in FIG. 8, a plurality of first holes 53 and a
plurality of second holes 54 are formed in the stacked body
obtained by the processes mentioned above. The first hole 53
and the second hole 54 are formed simultaneously by, for
example, the RIE (reactive ion etching) method using a not-
shown mask. Both the first hole 53 and the second hole 54 are
circular holes, and the hole diameter of the second hole 54 is
larger than the hole diameter of the first hole 53.

Since all the components of the stacked body that includes
the plurality of conductive layers WL between the insulating
layer 41 and the insulating layer 43 and in which memory
cells will be formed are silicon films, the setting of the con-
ditions of RIE and the shape control of the holes 53 and 54 are
easy.

The first hole 53 is formed in the memory region 2. The
bottom of the first hole 53 reaches the sacrifice film 46 in the
memory region 2, and the sacrifice film 46 is exposed at the
bottom of the first hole 53. On one sacrifice film 46, a pair of
first holes 53 are formed so as to sandwich the insulating film
72. The conductive layer WL and the non-doped silicon film
47 are exposed at the side wall of the first hole 53.

The second hole 54 is formed in the peripheral region 3.
The bottom of the second hole 54 reaches the sacrifice film 46
in the peripheral region 3, and the sacrifice film 46 is exposed
at the bottom of the second hole 54. The conductive layer WL
and the non-doped silicon film 47 are exposed at the side wall
of the second hole 54.

After the first hole 53 and the second hole 54 are formed,
the sacrifice film 46 and the non-doped silicon film 47 are
removed by, for example, wet etching. As the etchant at this
time, for example, an alkaline chemical liquid such as a KOH
(potassium hydroxide) solution is used.

The etching rate of the silicon film to the alkaline chemical
liquid depends on the concentration of the impurity doped in
the silicon film. For example, when the concentration of
boron as the impurity becomes 1x10%° (cm™) or more, the
etching rate decreases rapidly to become a few percent of that
when the boron concentration is 1x10*° (cm™) or less.

In the embodiment, the boron concentration of the back
gate BG, the conductive layer WL, and the select gate SG is
1x10** (cm™3) to 2x10?! (cm™>). In the wet etching using an
alkaline chemical liquid, the etching selection ratio of the
silicon film with a boron concentration of 1x10** (cm™>) to
2x10*' (cm™) to the non-doped silicon film is 1/1000 to
1/100.

Therefore, by the wet etching mentioned above, the non-
doped silicon film 47 and the sacrifice film 46, which is
likewise a non-doped silicon film, are removed via the first
hole 53 and the second hole 54 as shown in FIG. 9. On the
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other hand, the back gate BG, the conductive layer WL, and
the select gate SG, which are silicon films doped with boron
as an impurity, are left.

By the removal of the sacrifice film 46, the first trench 51
and the second trench 52 appear which have been formed in
the back gate BG in the previous process. In the memory
region 2, the bottoms of a pair of first holes 53 are connected
to one common first trench 51 to form one U-shaped memory
hole MH. In the peripheral region 3, the bottoms of a pair of
second holes 54 are connected to one common second trench
52 to form one U-shaped hole used for the resistance element.

In the memory region 2 and the peripheral region 3, by the
removal of the non-doped silicon film 47, a space 48 is formed
between conductive layers WL. In the memory region 2, the
space 48 leads to the first hole 53. In the peripheral region 3,
the space 48 leads to the second hole 54.

The layers left on the back gate BG are supported by the
insulating film 72, and the state where the plurality of con-
ductive layers WL are stacked via the space 48 is maintained.

After the wet etching mentioned above, as shown in FIG.
10, the memory film 30 is formed on the side wall of the first
hole 53 and the inner wall of the first trench 51, and the
insulating layer 42 is formed in the space 48 between con-
ductive layers WL.

As described above with reference to FIG. 3, the memory
film 30 includes the block film 31, the charge storage film 32,
and the tunnel film 33 stacked in this order from the side of the
side wall of the first hole 53. The insulating layer 42 is formed
in the space 48 simultaneously with the formation of the
memory film 30 on the side wall of the first hole 53. Thus, the
insulating layer 42 includes at least the block film 31, which
is part of the memory film 30.

Depending on the height of the space 48 and the film
thickness of each film included in the memory film 30, the
space 48 may be filled up with only the block film 31; or a
stacked film including the block film 31 and the charge stor-
age film 32 or a stacked film including the block film 31, the
charge storage film 32, and the tunnel film 33 may be buried
as the insulating layer 42 in the space 48.

Simultaneously with the formation of the memory film 30
in the first hole 53 and in the first trench 51 in the memory
region 2, the memory film 30 is formed as an insulating film
also in the second hole 54 and in the second trench 52 in the
peripheral region 3. At least part of the memory film 30 is
buried as the insulating layer 42 also in the space 48 between
conductive layers WL in the peripheral region 3.

Next, as shown in FIG. 11, the channel body 20 that is a
non-doped silicon film is formed on the inside of the memory
film 30 in the first hole 53 and in the first trench 51 in the
memory region 2. At the same time as this, the channel body
20 is formed also on the inside of the memory film 30 in the
second hole 54 and in the second trench 52 in the peripheral
region 3.

The interior of the first hole 53 and the interior of the first
trench 51 are not filled up with the channel body 20 as shown
in FIG. 3, and a space (hollow) is formed on the central axis
side of the hole. Also the interior of the second hole 54 and the
interior of the second trench 52 are not filled up with the
channel body 20, and a space (hollow) is formed on the
central axis side of the hole.

The second hole 54 has a larger hole diameter than the first
hole 53, and the second trench 52 has a larger volume than the
first trench 51. Therefore, the width and volume of the space
formed on the inside of the channel body 20 in the U-shaped
hole in the peripheral region 3 are larger than the width and
volume of the space formed on the inside of the channel body
20 in the memory hole MH in the memory region 2.
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Alternatively, the interior of the memory hole MH in the
memory region 2 may be filled up with the channel body 20
with no space. Also in this case, the interior of the second hole
54 and the interior of the second trench 52 in the peripheral
region 3 are not filled up with the channel body 20, and a
space is formed on the inside of the channel body 20.

After the channel body 20 is formed, etchback is performed
to remove the upper portion of the channel body 20 in the first
hole 53 in the memory region 2. During the etchback, the
channel body 20 in the second hole 54 and in the second
trench 52 in the peripheral region 3 is removed.

As described above, a space is formed on the inside of the
channel body 20 in the second hole 54 and in the second
trench 52. Therefore, the etching gas surely goes into a deep
position, further into the second trench 52, via the space on
the inside of the second hole 54. Thereby, the channel body 20
in the second hole 54 and in the second trench 52 can be
removed. Therefore, a conductor (resistor) suitable for the
resistance element can be buried in the second hole 54 and in
the second trench 52.

During the etching of the channel body 20 in the second
hole 54 and in the second trench 52, also part of the memory
film 30 with the stacked structure described above formed in
the second hole 54 and in the second trench 52 may be
removed. Also in this case, an insulating film is still formed on
the side wall of the second hole 54 and the inner wall of the
second trench 52. Thus, in the resistance element 5, a current
flows through the path of the U-shaped conductor 615, and a
current does not flow through the conductive layer WL in the
peripheral region 3.

Next, as shown in FIG. 12, a polysilicon film 61 doped
with, for example, phosphorus (P) is deposited as a conductor
on the entire surface of the stacked body.

A part of the silicon film 61 is buried as the conductor 61a
in a portion of the memory region 2 where the channel body
20 is removed. Another part of the silicon film 61 is buried as
the conductor 615 in the U-shaped hole in the peripheral
region 3.

Alternatively, after the etchback mentioned above, the
channel body 20 may remain in the second hole 54 and in the
second trench 52 in the peripheral region 3. Also in this case,
a space is formed on the inside of the channel body 20 in the
second hole 54 and in the second trench 52, and the conductor
615 suitable for the resistance element can be buried in the
space.

After that, the silicon film 61 on the insulating layer 44 is
removed as shown in FIG. 13. The channel body 20 in the
memory region 2 is connected to the bit line BL or the source
line SL shown in FIG. 2 via the conductor 61a, and functions
as the channel of the memory cell. The upper end of the
conductor 615 in the peripheral region 3 is connected to the
resistance interconnection 81 shown in FIG. 4 via a not-
shown contact, and the conductor 615 functions as the resis-
tance element.

In the embodiment, the conductor 61a serving for the con-
nection with the upper interconnection (the bit line BL. and the
source line SL) in the memory string MS and the conductor
(resistor) 615 of the resistance element 5 are formed in the
same process using the same material; thus, cost reduction by
reducing the number of processes can be achieved.

Second Embodiment

FIG. 14 is a schematic cross-sectional view of a semicon-
ductor memory device of a second embodiment.

Also the semiconductor memory device of the second
embodiment includes the memory string MS of a three-di-
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mensional structure and a resistance element 5' provided on
the same substrate, similarly to the first embodiment.

In the resistance element 5' in the second embodiment, the
film buried in the U-shaped hole (the second hole 54 and the
second trench 52) is different from that of the resistance
element 5 of the first embodiment.

That is, in the resistance element 5', a conductor 62 differ-
ent from the conductor 615 is buried on the inside of the
insulating film (memory film) 30 via the conductor 615.

The conductor 62 is, for example, a polysilicon film doped
with boron (B), and has a higher resistivity than the conductor
615, which is a polysilicon film doped with phosphorus (P).
Alternatively, as the conductor 62, a metal (e.g. tungsten)
having a lower resistivity than the conductor 615 may be
buried.

Thus, by adjusting the conductor (resistance material) bur-
ied in the U-shaped hole in the resistance element, resistance
values in a wider range can be obtained.

When forming the structure of FIG. 14, after the process
shown in FIG. 13 described above, as shown in FIG. 15 a
resist 94 is provided on the stacked body in the memory
region 2, and the conductor 615 in the second hole 54 and in
the second trench 52 in the peripheral region 3 is etched to
form a space (hollow) in the U-shaped hole in the peripheral
region 3. Then, the conductor 62 with a different resistivity
from the conductor 615 is buried in the space.

Alternatively, the entire conductor 615 in the second hole
54 and in the second trench 52 in the peripheral region 3 may
be removed by etching, and then the conductor 62 may be
buried in the U-shaped hole in the peripheral region 3 as
shown in FIG. 16.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the invention.

What is claimed is:

1. A semiconductor memory device comprising:

an underlying film including a memory region and a
peripheral region, the memory region including a first
trench, the peripheral region including a second trench;

a stacked body including a plurality of conductive layers
and a plurality of insulating layers alternately stacked on
the underlying film;

a channel body provided in a pair of first holes and in the
first trench, the pair of first holes piercing the stacked
body on the memory region to be connected to the first
trench;
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a memory film including a charge storage film provided
between a side wall of the first hole and the channel
body, and between an inner wall of the first trench and
the channel body; and

a conductor provided in a pair of second holes and in the
second trench, the pair of second holes piercing the
stacked body on the peripheral region to be connected to
the second trench and having a hole diameter larger than
a hole diameter of the first hole.

2. The device according to claim 1, wherein the conductor

has a resistance lower than a resistance of the channel body.

3. The device according to claim 1, wherein

the channel body is a non-doped silicon film and

the conductor is a silicon doped with an impurity.

4. The device according to claim 1, wherein the second
trench has a volume larger than a volume of the first trench.

5. The device according to claim 1, further comprising an
insulating film provided between a side wall of the second
hole and the conductor, and between an inner wall of the
second trench and the conductor.

6. The device according to claim 5, wherein

the memory film is a stacked film of a plurality of films and

the insulating film in the peripheral region includes a same
film as a film of at least a part of the memory film.

7. The device according to claim 1, wherein the conductor

is a silicon doped with an impurity.

8. The device according to claim 1, wherein the conductor
is a metal.

9. The device according to claim 8, wherein the conductor
is a tungsten.

10. The device according to claim 1, wherein the conductor
is a stacked film of a first conductor and a second conductor,
the first conductor and the second conductor having different
resistivities.

11. The device according to claim 10, wherein

the first conductor and the second conductor are a silicon
doped with an impurity and

atype of the impurity is different between the first conduc-
tor and the second conductor.

12. The device according to claim 10, wherein one of the
first conductor and the second conductor is a silicon doped
with an impurity and another is a metal.

13. The device according to claim 12, wherein the metal is
a tungsten.

14. The device according to claim 1, wherein the underly-
ing film is a silicon film doped with an impurity.

15. The device according to claim 1, wherein a plurality of
the conductor is connected in series via a resistance intercon-
nection provided on the stacked body and connected to an
upper end of the conductor.

16. The device according to claim 15, wherein the resis-
tance interconnection has a resistance lower than a resistance
of the conductor.



